An electrical-equivalent-circuit model of PDMS microchannel connected to a valveless micropump was developed considering the dynamic viscoelastic property. The generalized viscoelastic mechanical model was adapted and viscoelastic moduli in the model were optimized by the measured visoelastic property of PDMS. The analytical result of pulsation flow in the PDMS microchannel showed good agreement with the measured characteristics of flow response due to viscoelastic deformation of PDMS inner-wall. It is confirmed that the developed model is valid and enable to effectively and precisely analyze dynamic flow characteristics of the whole microfluidic system containing a valveless micropump and a PDMS microchannel.
INTRODUCTION
We have been studying the microfluidic system for the pulsation mixing of two solutions, which contains two Silicon (Si) valveless micropumps and disposable PDMS (poly-dimethylsiloxane) Y-shaped microchannel to synthesize gold nanoparticle using liquid-phase chemical reduction method [1] . To achieve a better performance of the device, analysis of complex flow characteristics generated by a valveless micropump using an equivalent-electrical-circuit is effective. It is because of its simple analytical model and short calculation time compared with a commonly used numerical method such as FEM (Finite Element Method) [2] . However, since a PDMS microchannel shows viscoelastic deformation by inner pressure, the previously reported equivalent-electrical-circuit model cannot analyze a dynamic flow characteristics in PDMS microchannel appropriately [2] . Therefore, in this study, we propose a novel equivalent model of PDMS microchannel considering inner-wall deformation of PDMS microchannel, which is derived from its dynamic viscoelastic property. Furthermore a validation of the whole microfluidic device containing a valveless micropump and a PDMS microchannel is carried out by comparing an analytical and an experimental results.
MODELING
PDMS has low elastic modulus and viscoelastic property due to its network structure of giant molecule. Its elastic modulus greatly depends on a frequency of applied stress. The new equivalent-electrical-circuit model for a PDMS microchannel was derived as below. Firstly, storage modulus and loss elastic modulus of PDMS are measured at a large frequency range at 0.1-50 kHz as shown in Fig. 1 (left). The generalized visoelastic mechanical model is adapted to describe the measured PDMS property as shown in Fig. 1 (center) . The relationship between stress and strain is given by,
where σ is applied stress to the mechanical model, E Si and ε Si are the elastic modulus and strain of the elastic elements S i , respectively, η Di and ε Di are the viscous modulus and strain of the viscous elements D i , respectively. Each parameter, E Si and η Di in the model are optimized by fitting of the measured property to Eq. (1) using a leastsquare method (Fig.1 (left) ).
Next, a proportional constant k (=0.426) between the strain in Eq. (1) and area strain of microchannel cross-section by inner pressure was determined by FEM analysis (Intellisuite). The Eq. (2) is derived from Eq. (1) which shows the relationship between inner pressure and cross-sectional area strain.
where, P is inner pressure, ε' Si and ε' Di are elastic and viscous area strain of microchannel cross-section, respectively. The equivalent model of PDMS microchannel is developed using Eq. (2) as shown in Fig. 1 (right) . Figures 2 and 3 show the structure and the equivalent model of the microfluidic device consisting of a Si valveless micropump and a PDMS microchannel used in this study. The PDMS microchannel is represented by a distributed constant circuit.
RESULTS AND DISCUSSION
Pulsation flow was provided by periodic driving of the micropump which consists of 10 msec-length pulsation cycle (Fig. 4) . The pump driving starts at 0 msec and stops at 10 msec. Dynamic flow velocity measurement at the outlet port of PDMS microchannel was carried out by μPIV (Particle-Image-Velocimetry). The measured flow velocity and determined flow volume rate by analysis are shown in 
left) Measured and modeled storage modulus and loss elastic modulus of PDMS. center) The generalized viscoelastic mechanical model. right) The developed electrical-equivalent circuit models of a rigid microchannel and a viscoelastic PDMS i h l
vealed that these properties are resulted from the deformation of inner-wall by inner pressure. As the results, the developed model was validated through the analytical result with viscoelastic model shows good agreement with the experimental result concerning the above mentioned characteristics.
CONCLUSIONS
In this study, an electrical-equivalent-circuit model of a PDMS microchannel connected to a Si valveless micropump was proposed. According to comparison between the analytical and experimental results, the developed model was validated. The proposed model allows us to efficiently and accurately analyze complex flow characteristics of the whole microfluidic system containing a PDMS microchannel and a Si valveless micropump. An optimal design of a microfluidic system which offers desired flow performance will be achieved by this model for various purposes such as for the pulsation-mixing device. 
